Sprague-Dawley rats (Su Pusi Biotech., Suzhou, China) were acclimated for one week before being subjected to experimental conditions. Rats were allowed free access to standard food and water. Two female rats were placed together with one male rat. The day at which the evidence of mating (i.e., vaginal plug or vaginal smear with sperm cells) was observed was designated as gestational day (GD) 0.5. Saline (control group:16 mothers) or caffeine (caffeine group: 16 mothers; 20 mg/kg; twice a day) was subcutaneously injected daily to pregnant mothers from GD 3.5 to 19.5. On GD20.5, the rats (~380-400g) were anesthetized with sodium pentobarbital (100 mg/kg; Hengrui Medicine, Jiangsu, China). After cesarean section delivery, fetal weight was measured (the litter size of each pregnant rat was 9 to 13, eight mothers each group). All fetal rats/each group were calculated for in utero growth restriction (IUGR) rate using the reported criteria (IUGR was diagnosed when the body weight of each individual animal from the treated group was two standard deviations less than the mean body weight of the control group) 1 . Natural delivery was allowed for other pregnant rats. The male offspring (35~40 form 7~8 mothers/each group) were studied at 5-month-old.
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Measurement of pressor responses
Sixteen offspring rats (n=8 form 7 mothers per group) were implanted with catheters in their femoral arteries as described 2 under anesthesis with a mixture of ketamine (75mg/kg) and xylazine (10mg/kg; i.p., Hengrui Medicine, Jiangsu, China). Two days after surgical recovery, blood pressure was recorded in conscious and unrestrained rats. Offspring were administered with phenylephrine (10μg/kg in 0.2ml saline) subcutaneously via implanted catheter, and pressor response was monitored for 60 minutes using the Power-Lab system and software (AD Instruments, Bella Vista, Australia).
Measurement of vessel tone
Small segments of mesenteric arteries (A3~A4) were isolated in Krebs-Henseleit solution containing (mmol/L) 125 NaCl, 13.5 NaHCO 3 , 4.6 KCl, 1.2 NaH 2 PO 4 , 1.2 MgCl 2 , 2.5 CaCl 2 , 0.025 EDTA, and 10 glucose; pH 7.4 with NaOH, mounted on a myograph system (Danish Myo Technology, Midtjylland, Denmark), bubbled with 95% O 2 -5% CO 2 at 37°C 3 .
The vessel constrictions to drugs was evaluated bymeasuring the maximum peak and expressed as percentof maximal tension achieved to 60mM KCl (K max ).
To examine the effect of inhibition of BK Ca channel on tension, vessels were first contracted with phenylephrine (10 -5 mol/L). After washing and re-equilibration, the vessel was pre-treatedwith selective BK Ca channel inhibitor iberiotoxin (IbTX,10 -8 mol/L) for 30 minutes, and then re-stimulated with phenylephrine (10 -5 mol/L). The increase of phenylephrine-induced vessel constriction was calculated using the following formula:
To examine the effect of inhibition of L-type calcium channels on vessel tension, nifedipine (10 -9~1 0 -5 mol/L) was added to the bath 30 minutes before adding KCl. Each vessel was used once, signals were recorded by Power-Lab system with Chart-5 software (AD Instruments, Bella Vista , Australia).
Isolation of SMCs from offspring MA
Mesenteric arteries were enzymatically dissociated to obtain individual SMC as previously described 3, 4 . Briefly, MA was placed in Ca 2+ -free ice-cold physiological solution (PSS) containing (mmol/L): 135 NaCl, 5.6 KCl, 1 MgCl 2 , 10 HEPES, 10 glucose, 0.42 Na 2 HPO 4 , 0.44 NaH 2 PO 4 , and 4.2 NaHCO 3 (95% O 2 , 5% CO 2 for 40 min, pH 7.3-7.4 with NaOH). They were cut into small pieces (0.5mm in length), and incubated for 38 min at 37 °C with papain (0.004g/ml, Solarbio, China), dithiothreitol (0.001g/m, BioSHARP, China), and ABV (0.002g/ml, BioSHARP, China). Then, tissue was washed 3 times with Ca 2+ -free PSS, and triturated gently using a wide bore pipette to release single cells. Separated MA myocytes were then stored in Ca 2+ -free PSS at 4º C. Electrophysiological experimentswere performed within 6 h after isolation.
Perforated whole cell recording
Spontaneous transient outward currents (STOCs) were measured using perforated whole-cell patch-clamp technique. The bath solution contained (mmol/L): 135 NaCl, 5 KCl, 1 MgCl 2 , 1.8 CaCl 2 , 10 glucose, and 10 HEPES (pH 7.4 with NaOH). Patch pipettes (3-5MΩ) were filled with an internal solution containing (mmol/L) 110 potassium aspartate (K-Asp), 30 KCl, 1 MgCl 2 , 10 HEPES, 0.5 EGTA, 3 Na 2 ATP and 0.2 amphotericin B (pH 7.2 with KOH). Holding potential was -60mV. Depolarizing test potentials were gradually increased in 10mV increments from -60 to 0mV. Signals were sampled at 10 kHz, filtered at 2 kHz. Data were captured on-line using a Digidata 1440 interface run under the pClamp 10.2 program (Axon Instruments, Foster City, CA). STOCs were analyzed and plotted using Mini Analysis Program (Synaptosoft, Inc., Decatur, GA). Membrane potential was measured at gap-free mode in perforated whole-cell current-clamp configuration, where the membrane current was clamped at 0 pA 5 .
Single channel recording
BK Ca single channel currents were recorded from inside-out patches under symmetrical K + (145 mmol/L) at room temperature 3, 4 . The pipette (15~20 MΩ) solution consisted of (mmol/L): 100 KCl, 45 K-Asp, 1 EGTA, 10 HEPES, and 5 glucose (pH 7.4 with KOH 
where V 1/2 is the voltage of half-maximal channel activation and Kv is the potential needed to produce an e-fold change in Po. The Ca 2+ -dependent activation was fitted with the Hill equation 4 :
where Po is channel open probability, η H is the Hill co-efficient, and K d is the [Ca 2+ ] i required for half activation.The total number of BK Ca channels in an inside-out patch was determined at a voltage of +40 mV with 10 -4 mol/L free Ca 2+ in the bath solution 6 .
Currents were sampled at 20 kHz and filtered at 2 kHz with a Bessel filter (8-pole). Continuous recordings of no less than 15,000 ms were used for Po and kinetics analysis. Data acquisition and analysis were carried out using pCLAMP 10.2and Clampfit 10.2 software (Axon Instruments, Foster City, CA).
Conventional whole-cell recording
For measurement of whole-cell K + currents, conventional whole-cell configuration was conducted. The composition of bath solution was the same as the bath solution used for perforated patch recording. The pipette (3~5 MΩ) solution contained (mmol/L): 110 K-Asp, 30 KCl, 1 EGTA, 3 Na 2 ATP, 0.85 CaCl 2 , 10 Glucose, and 10 HEPES (pH 7.2, with KOH). Outward K + currents were elicited by a series of 500 ms depolarizing voltage steps. Voltage steps were made at 10mV increments to +60mV from a holding potential of -60mV.
In recording L-type calcium channel currents (LTCCs), 20 mmol/L BaCl 2 was used as a charge carrier to limit current rundown. The bath solution contained (mmol/L): 20 BaCl 2 , 125 TEA, 1 MgCl 2 , 10 HEPES, and 10 glucose (pH 7.3 with TEA-OH). The pipette (3~5 MΩ) solution consisted of (mmol/L): 140 cesium glutamate, 1 MgCl 2 , 10 HEPES, 10 EGTA, 10 Glucose, and 3 Na 2 ATP (pH 7.3 with CsOH). Ba 2+ current was elicited by 250 ms voltage steps from a holding potential of -60mV to test potentials in the range -50 to +70mV with 10mV increments. Series resistance and total cell capacitance were calculated from uncompensated capacitive transients in response to 10ms hyper-polarizing step pulses (5mV), or obtained by adjusting series resistance and whole-cell capacitance. The whole-cell recordings used for analysis should be with a series resistance <20MΩ, electrode resistances >2 GΩ, leakage current < 100pA. Current densities (pA/pF) were obtained for each cell by normalization of whole cell current to cell capacitance to account for differences in cell membrane surface area. All electrophysiological studies were performed using Axon700B amplifier, pCLAMP 10.2 and Clampfit 10.2 software (Axon Instruments, Foster City, CA).
Western blot analysis
MAs from control and caffeine offspring were collected and stored at -80°C . The tissues were homogenized in ice-cold lysis buffer (Beyotime Inst. Biotech, China). The lystates were centrifuged at 4°C for 30 min at 12,000 rpm. Protein concentrations were measured by Bradford assay. Samples with equal protein were loaded and separated on 10% SDS-PAGE (BK Ca α-subunits and LTCC α 1c -subunits) or a 15% SDS-PAGE (BK Ca β1-subunits). The membranes were incubated with primary antibodies (Santa Cruz, CA, USA), LTCC α1c-subunits (1:300), BK Ca α-subunits (1:400), BK Ca β1-subunits (1:300), or β-actin (1:1,000 Beyotime Biotech, China) overnight at 4°C. Then, incubated with the secondary antibody (anti-goat for LTCCs α1c-subunits and BK Ca β1-subunits, anti-rabbit for BK Ca α-subunits, anti-mouse for β-actin, 1: 4,000, Beyotime Biotech, China). Immunosignals were visualized using chemiluminescence detection (Amersham Biosciences, Piscataway, NJ, USA) and the UVP imaging system (EC3-Imaging-System, Upland, USA). The ratio of band intensity to β-actin was obtained to quantify the relative levels of protein expression.
[Ca

2+ ] i imaging and vessel diameter
Small mesenteric arteries were dissected under a dissecting microscope. The arterial segments (~200 μm indiameter) were mounted and pressurized in a chamber (Living Systems, Burlington, VT ] i ) were measured in the same tissues loaded with the Ca 2+ indicator Fura 2-AM, as described previously 7, 8 . The vessels were pressurized to 45 mm Hg, which was considered the optimum pressure 9 . Arterial diameter and Ca 2+ signal were recorded using SoftEdge Data Acquisition Subsystem system (IonOptix, Milton, MA) as reported 6, 7 .
Sub-cellular Ca 2+ imaging
Isolated SMCs were loaded with Fluo-3 AM (10 μmol/L, Invitrogen, USA.) for 30 min and then washed three times with Ca 2+ free PSS. Myocytes were then washed with Ca 2+ bathing PPS and used for fluorescence intensity recordings after a stabilizing period of 10 min. All measurements were performed for 15-45 min following the stabilizing period. For fluorescence imaging, the cell chambers were positioned on the stage of an Olympus IX81 inverted microscope equipped with a Xenon MT-ARC/XE system and an OBS NN10 CCD camera (Olympus, Japan). The microscope was equipped with an immersion objective lens (60×, NA 1.42; PlanApo). The typical image size was 0.11×0.1468 mm (height×width). Image acquisition and analysis were performed using xcellence rt01 (Olympus, Japan). Global Ca 2+ responses were acquired at roughly one image per 350ms. For analysis of changes in Ca 2+ -related fluorescence, a region of interest (ROI) was drawn alone the edge of cells. For presentation purposes, the fractional fluorescence intensity was calculated as F/F0=F -baseline/F0-baseline, where baseline is the intensity from a region of interest with no cells, F is the fluorescence intensity for the region of interest, and F0 is the fluorescence intensity during a period from the beginning of the recording when there was no Ca 2+ activity.
Real-time quantitative PCR
Total RNA was extracted immediately from freshly isolated arterioles, using the RNAiso plus Trizol (Takara, Japan) according to the manufacturer's instruction，and was quantified by measuring its absorbance at 260/280 nm wavelength. Equal amounts of RNA samples were reverse-transcribed into cDNA using 1st strand cDNA Synthesis kit (Takara). Real-time quantitative PCR was performed using iCycler Thermal Cycler (Bio-Rad, USA). Primers were designed to amplify RyR1 (forward primer: 5'-TCTTCCCTGGAGACTGT-3'; reverse primer:
5'-TGGGAGAAGGCACTTGAGG-3'), RyR2 (forward primer: 5'-ACAACCCAAATGCTGGTCTC-3'; and reverse primer: 5'-TCCGGTTCAGACTTGGTTTC-3'), RyR3 (forward primer: 5'-CTGGCCATCATTCAAGGTCT-3'; reverse primer: 5'-GTCTCCATGTCTTCCCGTA-3'), GAPDH (forward primer: 5'-CCAGGTTGTCTCCTGTGACTTC-3'; and reverse:
5'-ACCAGGAAATGAGCTTCACAAA-3'). The reaction mix contained 12.5 μl 2×SYBR Green MAter mix (Takara), 0.5 μl forward primer, 0.5 μl reverse primer,1.0 μl cDNA, and dd water to a total volume of 25μl. The PCR conditions were as follows: an initial 95°C for 3 min followed by 40 cycles of 95 °C for 15s, 58°C for 15s, 68°C for 20s. The relative gene expression (RGE) was calculated as RGE = 2 − ΔΔCt, and the relative expression level was determined on the basis of the comparative ΔΔCt method using the reverse transcription products from the control group as the calibrator.
ELISA analysis
Mesenteric arteries were homogenized with 20% ethanol in phosphate buffer solution (PBS), then centrifuged at 3000×g at 4°C for 5 min. Supernatants were collected for analysis using an ELISA kit (JIMIAN Industrial, Shanghai, China) following the manufacturer's protocol. Briefly, 50μl standard sample was added into the standard sample well, containing 40μl sample dilution and 10μl testing sample (final dilution is 5-fold). The antigen-coated wells were then incubated for 30 min at 37°C, following a five times' washing with buffer. Then, the antigen-coated wells were incubated with 50μl of HRP-Conjugate reagent for 30min at 37°C. The unbound antibodies were washed away with washing buffer, and then incubated with 50μl of Chromogen Solution A and 50μl of Chromogen Solution B. After incubation for 10 min at 37°C in dark, 50μl of stop solution was added to each sample, and the absorbance at 450 nm was determined. Data were handled in a blind manner. 
